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A relationship between non-exponential stress relaxation and delayed elasticity in the viscoelastic process in amorphous solids: illustration on a chalcogenide glass been set by Bennewitz and Rötger (see (Simha, 1942) 
where ϕ is the relaxation function, describing the normalized 67 relaxation of a quantity Q (here the shear stress), Q ∞ being its are shifted by the stress) (Frenkel, 1926 
87 the relaxation rate tends to −∞ when t → 0 + , for 0 < β < 1. 
J is the shear creep compliance. J and G are correlated by a
122
Duhamel convolution equation (Ferry, 1980) :
Or, considering the well-known Lee (1955)-Mandel correspon-
125
dence principle, the equations, for linear elasticity being:
where µ is the elastic shear modulus, we obtain for linear vis-128 coelasticity, considering G and J as the viscoelastic counter-129 parts of µ and µ −1 respectively:
where f * is the Laplace-Carson transform of f :
L( f ) being the Laplace transform of f and s the variable in the
133
Laplace s-domain.
135
The shear creep compliance J is often explicitly divided into 136 a sum of three components: elastic J e time-independent, de-137 layed elastic J d (t) which converges to a time-independent value 138 when t → +∞ and inelastic J η a linear function of time:
where η is the shear viscosity. Using Eq.(6), we also obtain: 
where c = e, d or η. With:
So, we can also write:
Regarding these equations, and assuming γ η (t) = 0 if t < 0, we 162 can deduce that:
164 This is the conventional "newtonian viscosity". But, using
165
Eq.(6) we also have the following relation, known as the 166 "Ferry's relation" (Ferry, 1980) : 
173
The average shear relaxation time τ a , according to the
174
Maxwell's relation (Maxwell, 1868) corresponds to: τ a = η/µ.
175
In other words, the only possibility to observe no delayed elas- 
Thus, if we perform a creep test (constant stress σ 0 ), the de- 
202
where γ 0 = σ 0 /µ, is the initial shear distortion, fully elastic. relaxation test on a linear viscoelastic body, so that:
211
H being the Heaviside function. Assuming that the relaxation 212 function is a SEF, we have, using Eq.(4) and (17), for t ≥ 0:
And according to the Hooke's law: σ(t) = µ γ e (t). Using
215
Eq.(13), we have: Since G(t) = µ ϕ(t), using Eq. 
Finally, using Eq.(13):
In order to eliminate τ 0 in these latter equations, to highlight 229 the role of the exponent β, let us introduce:
231
Λ is the relative fraction of stress relaxed. The total shear dis-232 tortion is γ = γ 0 for t ≥ 0, so that the relative fraction of each 233 distortion component is:
237
We can calculate when the delayed elasticity will reach its max- is obtained, if 0 < β < 1 when:
Inserting Eq.(31) in Eq. (30), we obtain the maximum delayed
This maximum is only a function of β: neither τ 0 nor µ appears usually few seconds to measure an angle with the naked eye.
276
The relationship between the distortion and the corresponding 277 angle is (classical beam theory): creases with r, the distance from the neutral axis of the fiber.
343
The maximum imposed distortion, at the surface of the fiber, 
Results

348
The relaxation function of the GeSe 9 fibers is plotted in Fig-349 ure 2. The relaxation function ϕ is plotted as ln − ln [ϕ(t)] vs.
350 ln (t), since: exactly why, and we will leave here this issue as unsolved.
371
The evolution of the inelastic and delayed elastic distortion, We can note that if β → 0, the delayed elasticity increases. 
Origin of the delayed elasticity 437
Originally, the non-exponential relaxation, and so the exis- needs to do so: it will "shove" the surrounding network (Tra- LRE contribute initially only to delayed elasticity, they con-509 tribute to inelasticity only because they tend to make the posi-510 tion/configuration changes of the previous LRE irreversible.
511
During a relaxation test, the macroscopic stress applied re- Let n(t) be the numbers of LRE that have already occurred 559 at t and n T is the total number of LRE that will occur until the 560 stress becomes null. The LRE producing the stress relaxation,
561
according to the definition of the relaxation function, we have:
Among the n LRE, a part of them have induced motions that 564 have let some subsystems in configurations where they can pro-565 duce delayed elasticity. These LRE can be considered as "re- to the viscous strain. So, we have:
574
We first derive this expression, using Eq.(23), n i /n T being 575 equivalent to γ η /γ 0 , according to Eq.(36):
577
Then we directly obtainṅ r (t). After integration, and assum-578 ing that n r (0) = 0, it leads to the fraction of "reversible LRE":
Now, if we assume a continuous relaxation spectrum:
Here, the weight ρ is per time unit (d(τ) = ρ(τ)τ is the dis- Wiechert model:
590
And the fraction of "irreversible LRE":
These two latter equations explicitly show that the delayed viscoelastic liquid (Lakes, 1998) 
We can provide an illustration of these equations using a sim-632 ple ρ(τ), for which we will have only analytical solutions (John-633 ston, 2006):
635
With this ρ(τ), we have τ a = 2τ 0 . We set n T = 1 in order to time (normalized by τ 0 ) for a SEF with β = 1/2, of the amount of reversible LRE (n + r ) produced by all the processes having relaxation times lower than τ a (green line) and of the amount of reversible LRE (n − r ) annihilated by all the processes having relaxation times larger than τ a (red line). Duffrène, L., Gy, R., Burlet, H., Piques, R., 1997. Viscoelastic behavior of
Models without initial distribution of relaxation times
